The multisystem degeneration amyotrophic lateral sclerosis - neuropathological staging and clinical translation.
Amyotrophic lateral sclerosis (ALS) is traditionally considered a disease affecting exclusively motor neurons. However, much evidence points towards additional involvement of brain systems other than the motor. As much as half of ALS patients display cognitive-behavioral disturbances. ALS shares with a considerable proportion of FTD cases the same neuropathological substrate, namely, inclusions of abnormally phosphorylated protein TDP-43 (pTDP-43). In analogy with pathological staging systems elaborated in the past decades for Alzheimer's disease (AD) and Parkinson's disease (PD), a model of staging of pTDP-43 pathology in sporadic ALS (sALS) has been recently proposed. According to it, 4 stages can be recognized, where pTDP-43 inclusions are found in the agranular motor cortex and α-motor neurons of the brain stem and spinal cord (stage 1), in prefrontal neocortex (middle frontal gyrus), reticular formation, and precerebellar nuclei (stage 2), in further areas of the prefrontal neocortex (gyrus rectus and orbitofrontal gyri), postcentrally located sensory cortex, and basal ganglia (stage 3), and in the anteromedial temporal lobe including the hippocampus (stage 4). Based on this staging effort, a corticofugal axonal model for spreading of pathology can be hypothesized, whereby pathology starts in the primary motor cortex and spreads from there via axonal projections to lower motor neurons and to subcortical structures. Recent neuroradiological evidence seems to support the proposed staging system. From the clinical standpoint, a proportion of ALS patients display extramotor deficits (namely cognitive-behavioural disturbances, impaired ocular movements, and extrapyramidal alterations), which seem to correspond to the pathological involvement of the relevant cerebral structures. This review describes neuropathological sALS staging and addresses clinical evidence corresponding to this staging, pointing towards the concept of ALS as a multisystem brain degeneration disorder instead of a disease confined to motor neurons.